Abstract Surgical therapy guaranties satisfactory results, which are significantly better than those obtained with conservative therapies, especially for Grade III and IV hemorrhoids. In this review, we present and discuss the results of the most diffuse surgical techniques for hemorrhoids. Traditional surgery for hemorrhoids aims to remove the hemorrhoids, with closure (Fergusson's technique) or without closure (Milligan-Morgan procedure) of the ensuing defect. This traditional approach is effective, but causes a significant postoperative pain because of wide external wounds in the innervated perianal skin. Stapled hemorrhoidopexy, proposed by Longo, has gained a vast acceptance because of less postoperative pain and faster return to normal activities. In the recent literature, a significant incidence of recurrence after stapled hemorrhoidopexy was reported, when compared with conventional hemorrhoidectomy. Double stapler hemorrhoidopexy may be an alternative to simple stapled hemorrhoidopexy to reduce the recurrence in advanced hemorrhoidal prolapse. Transanal hemorrhoidal deartertialization was showed to be as effective as stapled hemorrhoidopexy in terms of treatment success, complications, and incidence recurrence. However, further high-quality trials are recommended to assess the efficacy and safety of this technique.
the disease, is abandoned because of unsatisfactory results and frequent complications.
Hemorrhoidectomy, performed with various techniques, focuses on resection of both internal and external hemorrhoids and ligature of the main supplying vessels. The rationale of these procedures is based on the theory that hemorrhoids are caused by vascular hyperplasia of the arteriovenous network within the anorectal submucosa.
In 1937, Milligan and Morgan described their technique to perform surgical excision of hemorrhoids. The hemorrhoid is dissected out from the underlying anal sphincter, the vascular pedicle is ligated, and the mucosal defects are left open and allowed to granulate by secondary intention. Different instruments are available to perform excision of the hemorrhoidal tissue, including electrocautery, scissors, scalpel, laser, bipolar scissors, linear staplers, radiofrequency, or harmonic scalpel.
Ferguson's (closed) hemorrhoidectomy was developed in 1952 in the USA. After excision of each hemorrhoid component, the ensuing defect is closed primarily.
Sir Alan Parks in 1956 described a technique, which dissects the submucosa containing the hemorrhoidal tissue with transfixation of the uppermost part of the pedicle. Reconstruction of the anal mucosa is done by fixing the mucosal flaps down to cover the wound, incorporating a largish bundle of internal sphincter. An area is deliberately left bare between the pedicle ligature and the mucosal fixation stitch.
Whitehead's hemorrhoidectomy, described by Whitehead in 1882, was devised to eradicate enlarged internal hemorrhoidal tissue in a circumferential fashion and to relocate the prolapsed dentate line, which is often a component of prolapsing hemorrhoids. At present, this procedure is rarely performed because of high complication rates, including stricture, loss of anal sensation, and development of mucosal ectropion.
Doppler guided hemorrhoidal artery ligation was first described in 1995 by Morinaga et al. It is performed using a specially designed proctoscope with an inbuilt Doppler probe that can locate feeding arteries; these vessels are then ligated using absorbable sutures. Disrupting the inflow to the vascular cushion is thought to reduce the size of the hemorrhoid.
Longo has recently proposed the use of a circular stapler instrument to perform hemorrhoidopexy. Thompson [3] suggested that the nature of hemorrhoids is the weakening and fragmentation of the tissue supporting the hemorrhoidal cushions, due to aging and repeated passage of hard stool, leading to their descent and prolapse. The technique aims at reducing the hemorrhoidal prolapse and transecting the superior hemorrhoidal arteries. Hemorrhoidal prolapse is resolved by repositioning the hemorrhoidal masses into the anal canal and by reducing the venous engorgement with transection of the feeding arteries and redundant mucosa. This technique results in a stapled mucosa anatomized in the rectum, at least 3 cm above the dentate line, where sensitive receptors are few.
Moreover, any dissection or trauma in the area of anal mucosa and anoderm is avoided.
Ligation-anopexy (a fixation of the mucosa and submucosa of the hemorrhoidal region to the underlying internal sphincter) and open hemorrhoidopexy without the use of stapler (fixation of the anal mucosa to the rectal wall with four Zstitches after removal of a small rectal mucosa flap about 4 cm from the dentate line) were recently described [4, 5] . However, the preliminary results of these new techniques need to be confirmed on a larger number of patients, with a longer follow-up and comparisons with other established treatments.
Complications
Pain after surgery for hemorrhoids is a major worry. In order to reduce the postoperative pain, various excision techniques have been proposed. Chung et al. [6] conducted a prospective, double blinded study, comparing different excision techniques: harmonic scalpel hemorrhoidectomy, bipolar scissors hemorrhoidectomy, and regular scissors. The study showed that the harmonic scalpel was superior to the other methods in terms of postoperative pain and, consequently, patient satisfaction. Harmonic scalpel was confirmed to be superior with respect to bipolar electrocautery in two recent trials [7, 8] . Radiofrequency scalpel technique resulted in significantly less immediate postoperative pain after hemoroidectomy with respect to conventional diathermy techniques [9] . Two other randomized trials confirmed this finding [10, 11] . Radiofrequency scalpel was associated with less postoperative pain when compared with harmonic scalpel in one randomized controlled trial [12] . However, the added cost when performing the procedure with the radiofrequency scalpel should be considered. A recent meta-analysis did not demonstrate any difference in pain scores with regard to open and closed hemorrhoidectomy [13] . Other surgical strategies to reduce pain have been introduced, such as limiting the incision [14] , suturing only the vascular pedicle without an incision [15] , using a lateral internal sphincterotomy in conjunction with an external hemorrhoidectomy [16] . However, each strategy has had limited or mixed results. Proponents of hemorrhoidopexy with the use of circular staplers claim a reduction in postoperative pain and faster recovery as compared to conventional excision procedures. A meta-analysis confirmed both these advantages [17] . However, two recent meta-analyses, comparing the results of hemorrhoidopexy and conventional hemorrhoidectomy with radiofrequency scalpel, did not find any relevant difference in reduction of postoperative pain [18, 19] . Metronidazole administration was found to be effective in reducing postoperative pain [20, 21] . Local anesthetic infiltration after induction of anesthesia and before the surgical incision contributes to the improvement in pain control after hemorrhoidectomy [22] . Recently, the use of a multivesicular liposomal formulation of bupivacaine, which can provide prolonged postsurgical pain relief, has been developed. Its efficacy in reducing postoperative pain was demonstrated in two randomized trials either with respect to placebo [23] or bupivacaine HCl [24] . Topical diltiazem showed a marginal benefit in reducing pain after surgery [25] [26] [27] . Glyceryl trinitrate ointment improved wound healing and reduced postoperative pain [28] . A recent randomized trial confirmed these results [29] . However, this benefit was not confirmed after stapled hemorrhoidopexy [30] . Injected botulinum showed superior efficacy compared to glyceryl trinitrate ointment [31] . However, a recent randomized trial failed to show a significant effect of botulinum on postoperative pain [32] . Topical sucralfate cream can both reduce pain and improve wound healing after open hemorrhoidectomy [33] . Direct application of very low doses of opioid agonist in the absorbable sponge dressing placed in the anus at the end of the surgical procedure is also effective [34] . Flavonoids may contribute to reduce postoperative pain [35, 36] . Regardless of the above mentioned methods used, effective postoperative pain management is required. Ketorolac has demonstrated considerable efficacy in managing posthemorrhoidectomy pain [37] . The use of stool softeners can help to avoid straining and to reduce the pain at the first postoperative bowel motion. Starting these 4 days before surgery may be beneficial [38] . The avoidance of bulky packs and dressings in the anal canal is also known to reduce post-surgical pain [39] . In conclusion, in order to reduce pain associated with hemorrhoids surgery, the following recommendation is supported by the evidence of the literature: local anesthetic infiltration, either as a sole technique or as an adjunct to general or regional anesthesia; combinations of analgesics (non-steroidal anti-inflammatory drugs, paracetamol, and opiates); and a stapled operation [40] .
Postoperative hemorrhage is a relatively common complication. Bleeding in the immediate postoperative period is almost always due to inadequate intraoperative hemostasis. In the existing literature, this complication occurs in 4 to 25 % of cases [41] [42] [43] [44] [45] [46] [47] [48] . Bleeding predominantly affects patients with fourth-degree hemorrhoids [49, 50] . Most bleeding complications occur during operation at the staple line and should be managed with suture of the bleeding points, after a careful inspection of the stapled suture line [49, 50] . After the introduction of the newer circular stapler (PPH03, Ethicon EndoSurgery, Cincinnati, OH), which has a closed staple height of 0.75 mm, bleeding after stapled hemorrhoidopexy may be reduced because of an increase in compression on the rectal tissue and blood vessels. A significant reduction of intraoperative bleeding with the use of PPH03 compared with PPH01 (Ethicon Endo-Surgery, Cincinnati, OH) was reported in a recent randomized trial [51] .
Another common complication after surgery for hemorrhoids is acute retention of urine. After conventional open hemorrhoidectomy, the estimated incidence of urinary retention ranges from 0 to 34 % and from 0 to 22 % after stapled hemorrhoidopexy [52, 53] . In a meta-analysis comparing stapled hemorrhoidopexy and open hemorrhoidectomy, incidence of urinary retention was similar [54] . The expected reduction of postoperative urinary retention after stapled hemorrhoidopexy, caused by less postoperative pain, was not confirmed in the study by Senagore et al. [55] , which showed that pain was not a risk factor for urinary retention.
Sepsis after surgery for hemorrhoids is uncommon, but it may be catastrophic. Cases of serious sepsis after both conventional and stapled hemorrhoidectomy were reported [56, 57] . Guidelines do not exist for prophylactic antibiotics in hemorrhoid surgery. However, we recommend routine use of prophylactic antibiotic therapy to avoid these life-threatening complications.
Anal stenosis is a narrowing of the anal canal. This narrowing may result from a true anatomic stricture or a muscular and functional stenosis. The main cause of anal stenosis is caused by overzealous hemorrhoidectomy. Removal of large areas of anoderm and hemorrhoidal rectal mucosa, without sparing of adequate mucocutaneous bridges, leads to scarring and a progressive chronic stricture. After conventional procedures, the incidence of anal stenosis is 0-6 % [58] . Stenosis caused by stapled hemorrhoidopexy is presumably rectal stenosis, since the causing event was a resection of rectal mucosa. One potential mechanism that might cause stenosis is ring dehiscence followed by submucous inflammation. Another theoretical cause is that the stapled ring is placed too deep in the anal canal and that the squamous skin cells react by scarring and shrinking. In a large study, anal stenosis was observed in only 0.8 % of cases [59] .
Control of defecation involves a complex interaction of various factors. After hemorrhoid surgery, incontinence may result from sphincter lesions, loss of sensitive anoderm, and loss of reservoir (rectal resection, reduced rectal compliance due to rectal resection). Continence disorders following hemorrhoidectomy are reported to vary between 0 and 28 % [60] . The type of procedure used and the surgical expertise are important factors influencing the occurrence of these complications. The upper replacement instead of excision of the piles, carried out by stapled hemorrhoidopexy, should reduce postoperative incontinence, as hemorrhoids are important factors of anal continence. However, postoperative incontinence after stapled hemorrhoidectomy was reported in up to 28 % of cases [61] . In most patients, incontinence is transitory, due to excessive anal stretching secondary to circular anal dilator insertion [62] . At long-term follow-up, persistent continence problems were reported in a minority of patients with no significant difference with respect to conventional hemorrhoidectomy [61, [63] [64] [65] . Similarly, fecal urgency is a common complication especially soon after stapled hemorrhoidopexy. However, this complication is usually transient and was present in 2.9 % of patients 2 years after operation [66] .
Tenesmus, frequency, and fecal urgency are variably associated with hemorrhoid surgery and are usually transient and self-limiting. After stapled hemorrhoidopexy, a relevant percentage of patients develops a syndrome consisting of urgency for defecation, feeling of foreign body, and cramp-like anal pain of variant amplitude [67, 68] .
Results
Traditionally, hemorrhoid surgery was considered a painful operation, and pain is still the main concern of the patients undergoing surgery. Stapled hemorrhoidopexy was recommended because of the short operative time, slight postoperative pain, and faster recovery. The advantages of this procedure were confirmed by a recent systematic review of randomized trials and a large trial comparing stapled and conventional hemorrhoidectomy [17, 69] . However, in the recent literature, a significant incidence of recurrence after stapled hemorrhoidopexy was reported. In studies evaluating stapl ed hem orrhoid opexy and conventional hemorrhoidectomy for Grade III and IV hemorrhoids with an adequate and systematic follow-up (>1 year), the incidence of recurrence was 0 to 26 % and 0 to 10.8 %, respectively; reoperation rate was up to 16.7 % after stapled hemorrhoidopexy [43, 46, 61, [63] [64] [65] [70] [71] [72] . After conventional Ferguson's hemorrhoidectomy, a redo surgery for recurrent hemorrhoids was necessary in 0.8 % of cases in a large series [73] . In a study with a minimum follow-up of 5 years, recurrence occurred in 18.2 % of patients, and reoperation was performed in 7.2 % of cases after stapled hemorrhoidopexy [49] . However, when long-term control of hemorrhoid-related symptoms was considered, no signi fica nt differ en ce was fo un d b etwe en sta ple d hemorrhoidopexy and conventional hemorrhoidectomy with exception of the presence of prolapse [49] . In a large p a r t o f p a t i e n t s w i t h r e c u r r e n c e a f t e r s t a p l e d hemorrhoidopexy symptoms related to hemorrhoids are absent or moderate [49] . These data may explain why the h i g h e r i n c i d e n c e o f r e c u r r e n c e a f t e r s t a p l e d hemorrhoidopexy does not affect the long-term results in terms of patient satisfaction. Long-term satisfaction with the Milligan-Morgan procedure was achieved in 67 % of patients in a large retrospective multicenter study [74] . After stapled hemorrhoidopexy, patient's satisfaction was up to 89.7 % [49] . Recurrence rate, reintervention, and complications are important outcome measures when assessing a procedure; however, quality of life and patient satisfaction are also important and need to be considered. A very recent study assessed quality of life, patients' satisfaction, and patients' approval of the procedure and their willingness for a repeat procedure. The authors conc l u d e d t h a t w h e n co m p a r e d w i t h c o n v e n t i on a l hemorrhoidectomy stapled hemorrhoidopexy is favored by the patients [75] .
According to some authors, recurrent rectal prolapse was significantly more frequent in patients with fourth-degree hemorrhoids, so that they may not represent an appropriate indication for stapled hemorrhoidopexy [49, 50, 76] . Actually, in patients with only third-degree hemorrhoids, recurrence is similar in both stapled hemorrhoidopexy and conventional hemorrhoidectomy [77] . The relative high percentage of recurrence after stapled hemorrhoidopexy in Grade IV hemorrhoids may be related to the increased probability of incomplete mucosal resection, which may occur when the volume of prolapsed tissue exceeds the volume of the stapler casing. Double stapling, according to the stapled transanal rectal resection proposed by Longo to treat obstructive defecation syndrome, allows achieving a more complete hemorrhoidopexy and may be appropriate for Grade IV hemorrhoids [78] [79] [80] . Repeated stapled hemorrhoidopexy can be performed safely and with satisfactory results in patients with recurrent hemorrhoids [81, 82] .
Transanal hemorrhoidal deartertialization was showed to be as effective as stapled hemorrhoidopexy in terms of treatment success, complications, and incidence recurrence [83] . With an associated anopexy, this technique guarantees shortterm results similar to conventional hemorrhoidectomy with a tendency to a higher persistence of hemorrhoid prolapse [84] . However, further high quality trials are recommended to assess the efficacy and safety of this technique.
Conclusion
Currently, there is a variety of surgical procedures that are available to treat hemorrhoids, and most have similar success rates. Stapled hemorrhoidopexy has gained a vast popularity, mainly because of reduced postoperative pain with respect to conventional hemorrhoidectomy. However, at present, the main issue with this technique is its durability. In particular, the high incidence of recurrence, especially in fourth-degree hemorrhoids, casts a serious doubt about its efficacy with respect to conventional hemorrhoidectomy. Double stapler hemorrhoidopexy may be an alternative to simple stapled hemorrhoidopexy in fourth-degree hemorrhoids. Further prospective studies are necessary to evaluate this new approach.
We believe that the surgeon should discuss with the patients the advantages and drawback of each surgical procedure and let the patient choose whether to accept a higher recurrence rate to take advantage of the short-term benefits of stapled hemorrhoidopexy.
